A study was conducted to evaluate the effects of 3 different plant extracts on growth performance and immune responses of weaned pigs experimentally infected with porcine reproductive and respiratory syndrome virus (PRRSV). A total of 64 weaned pigs (7.8 ± 0.3 kg BW), free of PRRSV, were randomly allotted to 1 of 8 treatments in a 2 × 4 factorial arrangement with a randomized complete block design. Pigs were blocked by initial BW. Sex and ancestry were equalized across treatments. The first factor was with or without PRRSV challenge (intranasal dose; 10 5 50% tissue culture infective dose). The second factor was represented by 4 diets: a nursery basal diet (CON), 10 mg/ kg capsicum oleoresin (CAP), garlic botanical (GAR), or turmeric oleoresin (TUR). Pigs were housed in disease containment chambers for 28 d [14 d before and after the inoculation (d 0)]. Blood was collected on d 0, 7, and 14 to measure the total and differential white blood cells (WBC), and serum was collected to measure viral load by quantitative PCR, PRRSV antibody titer, tumor necrosis factor-α (TNF-α), IL-1β, C-reactive protein (CRP), and haptoglobin (Hp) by ELISA. In the unchallenged group, all piglets were PRRSV negative during the overall period postinoculation. All data were analyzed using PROC MIXED of SAS. The PRRSV challenge decreased (P < 0.01) ADG, ADFI, and G:F from d 0 to 14. Feeding TUR improved G:F of the PRRSVinfected pigs from d 0 to 14. The numbers of WBC and neutrophils were decreased (P < 0.05) by PRRSV on d 7 but increased (P < 0.05) by PRRSV on d 14, indicating the PRRSV-infected pigs undergo a stage of weak immune responses. Feeding GAR increased (P < 0.05) B cells and CD8+ T cells of PRRSV-infected pigs compared with the CON. Furthermore, the PRRSV challenge increased (P < 0.05) serum viral load, TNF-α, and IL-1β on d 7 and serum viral load, CRP, and Hp on d 14, but feeding plant extracts to PRRSV-infected pigs reversed (P < 0.05) this increase. Infection with PRRSV increased (P < 0.05) rectal temperature of pigs on d 7, 9, and 11, but PRRSV-infected pigs fed plant extracts had lower rectal temperature (P < 0.05) than pigs fed the CON, indicating feeding plant extracts delayed the fever caused by PRRSV infection. In conclusion, results indicate that supplementation with plant extracts reduces the adverse effects of PRRSV by improving the immune responses of pigs, and the 3 plant extracts tested here show different effects. Supplementation with TUR improved feed efficiency of pigs challenged with PRRSV.
INTRODUCTION
Porcine reproductive and respiratory syndrome (PRRS), caused by a positive single-stranded RNA virus [porcine reproductive and respiratory syndrome virus (PRRSV)], is one of most economically important diseases in the swine industry (Neumann et al., 2005) . The general clinical signs of PRRS in weaned pigs are fever, lethargy, respiratory depression, and decreased performance (Hall, 2005) . The PRRSV has a complex interaction with the immune system because the primary targets of PRRSV are immune cells, such as alveolar macrophages, monocytes, and dendritic cells (Choi and Chae, 2002; Labarque et al., 2003) . The PRRSV infection can impair immune responses (Mulupuri et al., 2007) , which may increase the risk of secondary infection of pigs by other pathogenic bacteria or viruses.
Plant extracts (PE) are secondary plant metabolites, which have been proposed as effective feed additives in swine production due to their in vitro antimicrobial (Sök-men et al., 2004) , antiinflammatory (Sosa et al., 2005; Liu et al., 2012) , or antiviral (Sökmen et al., 2004) effects and potential beneficial effects on pig performance and health in vivo (Manzanilla et al., 2004; Allan and Bilkei, 2005) . The antiinflammatory effects of PE are still not clear, but these effects are mediated, at least in part, by blocking the nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) pathway, which is a key regulatory pathway involved in immune and inflammatory responses (Jobin et al., 1999; Choi et al., 2007) . Our previous experiments showed capsicum oleoresin, garlic botanical, and turmeric oleoresin reduced diarrhea and decreased the adverse effects of Escherichia coli infection by reducing serum inflammatory mediators in pigs (Liu et al., 2013) . However, it is not clear whether these 3 PE have beneficial effects on the immune system of pigs with viral infections. Therefore, the objective of this study was to investigate whether the 3 PE mentioned above alter growth performance, disease resistance, and immune responses of nursery pigs experimentally infected with PRRSV.
MATERIALS AND METHODS
The protocol for this experiment was reviewed and approved by the Institutional Animal Care and Use Committee at the University of Illinois at Urbana-Champaign. The experiment was conducted in the disease containment chambers of the Edward R. Madigan Laboratory building at the University of Illinois at Urbana-Champaign.
Animals, Housing, Experimental Design, and Diet
The procedures for this study were adapted from the method of Che et al. (2011) . A total of 64 weaned piglets (7.8 ± 0.3 kg BW, 21 d old; Genetiporc Inc., Alexandria, MN) with same number of gilts and barrows were selected from the Swine Research Center of the University of Illinois at Urbana-Champaign. Before weaning, blood samples of all piglets destined for this experiment were tested to verify they were free of PRRSV. After weaning, all pigs were transferred to the disease containment chambers and randomly assigned to treatment in a randomized complete block design with weight within sex as the blocks and pig as the experimental unit. Pigs were housed in the individual pens for 28 d [14 d before and 14 d after the PRRSV challenge (d 0)]. There were a total of 64 individual pens, 4 in each of 16 chambers. There were 2 suites of 8 chambers, and each suite was used for either PRRSV challenged or unchallenged pigs. The piglets had ad libitum access to feed and water.
The treatments were in a 2 × 4 factorial arrangement (with or without PRRSV challenge; 4 dietary treatments). There were 8 replicates per treatment. In the PRRSV challenge group, all 32 pigs were inoculated intranasally with 2 mL of high-virulence strain of PRRSV (Purdue isolate P-129V) containing 10 5 50% tissue culture infective dose. In the unchallenged group, pigs were inoculated with 3 mL PBS as the sham control. The 4 dietary treatments were the complex nursery basal diet (CON) and the addition of 10 mg/kg capsicum oleoresin (CAP), 10 mg/kg garlic botanical (GAR), or 10 mg/ kg turmeric oleoresin (TUR) to the CON, respectively. All 3 plant extracts were obtained from Pancosma S. A. (Geneva, Switzerland). Capsicum and turmeric are extracted oleoresins, which were standardized to 6% capsaicin and dihydrocapsaicin and 98% curcuminoides, respectively. Garlic botanical is extract from garlic and standardized to 40% propyl thiosulfonates. The CON was formulated to meet or exceed NRC (1998) estimates of requirements of weaned pigs (Table 1) . Spray-dried plasma, antibiotics, or zinc oxide were not contained in the CON, and the experimental diets were provided to pigs throughout the experimental period. Same batches of ingredients were used for the preparation of all the diets. For mixing the 3 PE diets, 1 of PE was first premixed with 0.8 kg of soybean oil and then this mixture was remixed with a small amount of corn (10 kg). Finally, the premix of plant extract, soybean oil, and corn was added to and mixed with the remained ingredients. After PRRSV inoculation, 1 pig from the infected GAR treatment was culled on d 5 postinoculation (PI) due to difficult breathing, and another 2 pigs, 1 each from the infected CON and TUR treatments, were euthanized on d 7 and 8 PI due to severe diarrhea and weight loss.
Sample Collection
Blood samples were collected in duplicate (EDTA blood and serum; Becton, Dickinson and Company, Franklin Lakes, NJ) using from the jugular vein of each pig before the PRRSV challenge and d 7 and 14 PI. Whole blood samples (2 mL) were used to measure total and differential white blood cell counts. Sera (2-3 mL) were used for determination of viral load, antibody titer, cytokines, and acute phase proteins.
Pigs and feeders were weighed on the day of weaning (d -14) , the inoculation day (d 0), and d 7 and 14. Growth performance (ADG, ADFI, and G:F) was measured for each interval from d -14 to 0, 0 to 7, 7 to 14, and 0 to 14.
At the end of experiment (d 14 PI), all pigs were anesthetized by intramuscular injection of a 1 mL combination of telazol, ketamine, and xylazine (2:1:1) per 23 kg BW. The final mixture contained 100 mg telazol, 50 mg ketamine, and 50 mg xylazine in 1 mL (Fort Dodge Animal Health, Fort Dodge, IA). After anesthesia, pigs were euthanized by intracardiac injection with 78 mg sodium pentobarbital (Sleepaway; Henry Schein, Inc., Indianapolis, IN) per 1 kg of BW, and lung tissues were collected and fixed in 10% neutral buffered formalin for further histological analysis.
Clinical Signs and Histological Examination
Rectal temperature (RT) for each pig was measured before PRRSV inoculation and on d 4, 7, 9, 11, and 14 PI.
The fixed lung tissues were embedded in paraffin, sectioned at 5 μm, and stained with hematoxylin and eosin. The slides were scanned by NanoZoomer Digital Pathology (NDP) System (Hamamatsu Co., Bridgewater, NJ) and viewed in the associated NDP. view software.
Determination of Differential Blood Cell Counts
Blood samples collected in EDTA were used to measure total and differential blood cell counts by the Veterinary Clinical Pathology Laboratory at the University of Illinois at Urbana-Champaign. Differential leukocyte proportions and concentrations and red blood cells were analyzed on a multiparameter, automated hematology analyzer calibrated for porcine blood (CELL-DYN 3700; Abbott Laboratories, Abbott Park, IL).
Differentiation of leukocyte populations was performed on whole blood by single-color flow cytometer analysis using CD4 (CD4+ T cells), CD8 (CD8+ T cells), and CD21 (B cells) monoclonal antibodies (mAb) labeling, respectively. Briefly, 100 μL of whole blood were labeled simultaneously with 5 μL of anti-CD4-fluorescein isothiocyanate (FITC) (mAb 74-12-4), 5 μL of anti-CD8-phycoerythrins (mAb 76-2-11), or 5 μL of anti-CD21-phycoerythrins (mAb BB6-11C9.6) for 10 min at room temperature in the dark. All antibodies were purchased from Southern Biotechnology Associate Inc, Birmingham, AL. Erythrocytes were lysed by adding 1 mL lysing solution and incubating for 10 min. After that, fixing solution was added and incubated at room temperature in the dark for 30 min. After washing the cells twice with 1 mL of PBS, the cells were resuspended in 1 mL PBS and analyzed on a flow cytometry analyzer (BD Biosciences LSR II; BD Biosciences, San Jose, CA). For each sample, 10,000 cells were analyzed using FCS Express 4 Plus (De novo Software, Los Angeles, CA). Cell populations were identified in dot plots of cells size forward scatter versus cell granularity side scatter and cell counts versus fluorescence (FITC or phycoerythrins).
Determination of Viral Load and Porcine Reproductive and Respiratory Syndrome Virus Antibody
The serum viral load and PRRSV-specific antibody were analyzed by the Indiana Animal Disease Diagnostic Laboratory at Purdue University. The viral load was measured by PCR, and the results are presented as cycle threshold (Ct) values as described by Che et al. (2011) . A higher Ct value indicates a lower viral load in the serum. The serum antibodies against PRRSV were measured by an ELISA method according to the procedures described by the manufacturer (IDEXX, Westbrook, ME). The re- sults are shown as sample to positive ratio (S:P), calculated for each serum sample of the infected pigs. A ratio of 0.4 or greater is considered positive.
Measurements of Serum Cytokines and Acute Phase Proteins
The serum tumor necrosis factor-α (TNF-α), IL-1β, interferon-γ (IFN-γ), and IL-10 were measured by ELI-SA according to the recommendation of the manufacturer (R&D Systems, Inc., Minneapolis, MN). Briefly, standard, control, and samples were added to the wells with coated monoclonal antibody specific for each cytokine. After incubation for 2 h, the unbound substances were washed away, and an enzyme-linked polyclonal antibody specific for the cytokine was added to the wells to sandwich the cytokine immobilized during the first incubation. A further 2 h of incubation was followed by a wash to remove any unbound antibody-enzyme reagents, and then a substrate solution was added to the wells and color developed in proportion to the amount of the cytokine bound in the initial step. The color development was stopped by adding the stop solution and the intensity of the color was measured at 450 nm with the correction wavelength set at 530 nm. Concentrations were calculated from a standard curve. All samples were analyzed in duplicate. The intra-assay and interassay coefficients of variation provided by the manufacturer were lower than 4.4 and 7.1%, respectively.
The serum C-reactive protein (CRP) and haptoglobin (Hp) levels were measured by commercially available kits according to the recommendation of the manufacturer (GenWay Biotech, Inc., San Diego, CA). The detailed procedures were similar to those described above, except for different incubation times. The intra-assay and interassay coefficients of variation provided by the manufacturer were lower than 4.1 and 6.2%, respectively.
Statistical Analysis
Data were analyzed using the Proc Mixed of SAS (SAS Inst. Inc, Cary, NC). The statistical model included effects of PRRSV challenge, diet, and their interaction as fixed effects. Block was a random effect. Specific contrasts were used to test comparisons between the control and the PE treatments collectively within each challenge treatment. Differences among the PE treatments within each challenge treatment were tested by pairwise comparisons when the overall diet effect was significant. Statistical significance and tendency were considered at P < 0.05 and 0.05 ≤ P < 0.10, respectively.
RESULTS

Growth Performance
Before PRRSV challenge, dietary treatments tended (P = 0.08) to influence ADFI, with an especially high value for pigs fed CON and destined to be challenged with PRRSV (Table 2 ). The PRRSV infection reduced (P < 0.01) ADG, ADFI, and G:F during the overall period PI, but the supplementation of PE in the PRRSVinfected group increased G:F from d 0 to d 7 (P < 0.05), d 7 to d 14 (P < 0.05) and tended to increase G:F during the overall period PI (P = 0.07). There was significant (P < 0.05) interaction between PRRSV infection and diet on ADFI for the overall period PI, as feeding CAP and TUR increased and GAR decreased overall ADFI in the sham group, but the opposite pattern was found in the PRRSV-infected group. There were no differences among PE treatments.
Clinical Signs and Histopathology
After inoculation, the infected pigs showed the first signs of lethargy and anorexia on d 2 PI. Respiratory symptoms such as coughing and dyspnea were not detected. The PRRSV infection significantly increased (P < 0.05) RT on d 7, 9, and 11 PI compared with the sham group (Fig. 1 ). An interaction between PRRSV infection and diet was observed (P < 0.05) on d 4 PI, as the PRRSV-infected pigs fed the 3 PE diets had lower RT than those fed the CON, but no difference between PE and CON was found in the sham pigs. All pigs in the sham group were clinically healthy during the entire experimental period.
The PRRSV infected pigs had lung lesions whereas the PRRSV-negative pigs remained lesion free (Fig.  2 ). All PRRSV-infected pigs showed marked interstitial pneumonia characterized by a severe septal infiltration with macrophages, lymphocytes, and type II pneumocyte hypertrophy and hyperplasia. Also PRRSV-infected pigs showed accumulations of necrotic debris and mixed inflammatory cells in alveolar spaces.
Complete Blood Counts
The PRRSV infection induced (P < 0.01) leukopenia on d 7 PI but increased the number of white blood cells on d 14 PI (Table 3 ). In addition, the PRRSV infection decreased (P < 0.01) lymphocytes and monocytes and increased (P < 0.01) the ratio of neutrophils to lymphocytes on d 7 PI, but the reverse pattern was detected on d 14 PI compared with d 7 PI. The supplementation of PE tended to increase (P = 0.06) the number of lymphocytes on d 7 PI in the sham group. There was no PE effect in the PRRSV-infected group.
The PRRSV infection decreased (P < 0.05) the number of red blood cells (RBC), hemoglobin concentration, and packed cell volume on d 7 and 14 PI, compared with the sham group (Table 4) . There were only sporadic effects of PE on RBC measurements in the sham group and none in the PRRSV-infected group.
The PRRSV infection increased (P < 0.05) B cells on d 7 PI and B cells, CD4+, and CD8+ T cells on d 14 PI but reduced (P < 0.05) CD8+ T cells on d 7 PI (Table 5 ). In the PRRSV-challenged group, feeding PE tended (P = 0.06) to increase B cells on d 7 PI and increased (P < 0.05) B cells and CD8+ T cells on d 14 PI. No PE effect was observed in the sham group.
Viral Load and Antibody Titer in Serum
All pigs were verified as PRRSV negative by quantitative PCR before starting the experiment. All pigs in the sham group were PRRSV negative PI whereas all pigs in the PRRSV-infected group were PRRSV positive on d 7 and 14 PI. In the PRRSV-infected group, feeding CAP and TUR increased (P < 0.05) Ct values on d 7 PI, and TUR increased (P < 0.05) Ct value on d 14 PI (Fig. 3) , indicating these PE decreased the viral 2 Sham = unchallenged; PRRSV = PRRSV challenged; CON = nursery basal diet; CAP = control diet plus 10 mg capsicum oleoresin/kg; GAR = control diet plus 10 mg garlic botanical/kg; TUR = control diet plus 10 mg turmeric oleoresin/kg.
3 PRRSV = PRRSV challenge effect; DIET = diet effect; E × D = interaction between PRRSV and diet effects. 4 Contrast between CON and the 3 plant extract (PE) treatments within the sham or PRRSV challenge group. Rectal temperature (RT) in pigs fed nursery basal diet (CON) or 10 mg/kg capsicum oleoresin (CAP), garlic botanical (GAR), or turmeric oleoresin (TUR) diets with or without porcine reproductive and respiratory syndrome virus (PRRSV) infection. *The RT of PRRSV-infected pigs at d 7 (P < 0.01), 9 (P < 0.01), and 11 (P < 0.05) postinoculation (PI) was greater than that of uninfected pigs. †There was a PRRSV × diet interaction (P < 0.05) on RT at d 4 PI, as the PRRSV-infected pigs fed the 3 plant extract (PE) diets had lower RT than those fed the CON, but no difference between PE and CON was found in the sham pigs. Value were means ± pooled SEM; n = 7 or 8. Individual pig was an experimental unit.
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No PRRSV-specific antibody was detected in the sham group. In the PRRSV-infected group on d 7 PI, the S:P for all pigs were lower than 0.4 (Fig. 4) , considered negative. The antibody titers of all infected pigs on d 14 PI were positive and greater than on d 7 PI. There were no PE effects on PRRSV antibody.
Serum Cytokines and Acute Phase Proteins
Several cytokines were analyzed in this experiment, including TNF-α, IL-1β, IFN-γ, and IL-10 (Table 6 ), but IFN-γ was not detectable in serum of any pigs. The detection limit of the ELISA kit for IFN-γ was 1.76 pg/mL.
There was no effect of dietary PE supplementation on serum TNF-α, IL-1β, or IL-10 before the PRRSV infection. The PRRSV infection markedly increased (P < 0.01) TNF-α, IL-1β, and IL-10 on d 7 and 14 PI, but the PE treatments in the PRRSV-infected pigs reduced (P < 0.05) serum TNF-α and IL-1β and increased (P < 0.05) serum IL-10 on d 7 PI as compared to the CON. However, this pattern was not found on d 14 PI. There were differences among the PE treatments on serum IL-10 concentration on d 7 PI, as PRRSV-infected pigs fed CAP had higher (P < 0.05) IL-10 concentration than those fed GAR.
Two acute phase proteins, CRP and Hp, were analyzed in the serum of all pigs (Table 6 ). There was a significant (P < 0.05) diet effect on serum Hp on d 0 before PRRSV infection characterized by low values for TUR and high ones for CAP. The PRRSV infection increased (P < 0.01) serum CRP and Hp levels on d 7 and 14 PI compared with the sham group, but the supplementation of PE in PRRSV-infected pig diets reduced (P < 0.05) serum CRP and increased (P < 0.05) Hp compared with the CON on d 14 PI. An interaction between PRRSV infection and diet was observed (P < 0.05) on d 14 PI, as the supplementation of PE decreased (P < 0.05) serum CRP of the PRRSV-infected pigs but not of uninfected pigs.
DISCUSSION
Porcine reproductive and respiratory syndrome is one of main causes of mortality of postweaning and growing pigs. The results reported here indicate that feeding PE to nursery pigs enhanced the pigs' immune responses to a PRRSV challenge and may help alleviate negative impacts of infection, as indicated by reduced viral load, proinflammatory cytokine, and acute phase proteins and by improved feed efficiency. These findings are in agreement with previous data showing an improvement of immune responses in piglets fed different PE (Pu et al., 2009; Wang et al., 2011; Liu et al., 2013 ) .
In this experiment, the PRRSV infection model was achieved successfully, as all of the challenged pigs were PRRSV positive and lethargic and had increased RT and reduced feed intake whereas the unchallenged pigs were PRRSV negative and clinically healthy. Rectal temperatures of infected pigs were increased from d 4 PI and returned to normal at d 14 PI. Lung lesions were detected in the PRRSV infected pigs at d 14 PI. at Acquisitions Dept on December 17, 2013 www.journalofanimalscience.org Downloaded from All PRRSV-infected pigs showed marked interstitial pneumonia and accumulations of necrotic debris and mixed inflammatory cells in alveolar spaces, consistent with the observation that the immune cells in the lung are the main targets of PRRSV infection (Pol et al., 1991; Che et al., 2011) .
The infected pigs fed the CON diet had a higher average RT at d 4 PI than those fed the PE diets. This indicates feeding PE may delay and shorten the appearance of pyrexia of infected pigs.
Porcine reproductive and respiratory syndrome virus infection resulted in a marked decrease in peripheral blood leukocyte populations at d 7 PI but an increase at d 14 PI, which may be due to the apoptosis of immune cells at the early stage of PRRSV infection or the recruitment of those immune cells to inflammation (Choi and Chae, 2002; Labarque et al., 2003) . These results are consistent with those reported earlier (Lohse et al., 2004; Shi et al., 2008; Che et al., 2011) . Apoptosis is often considered as an innate defense mechanism that limits viral infection by elimination of infected cells. Therefore, many viruses inhibit apoptosis of infected cells to prevent premature cell death and increase viral infection and replication (Everett and McFadden, 1999) . However, unlike other viruses, PRRSV induces the apoptosis of monocytes and/or macrophage and other immune cells (Sur et al., 1998; Choi and Chae, 2002; Labarque et al., 2003) . The flow cytometry results indicated the reduced lymphocytes on d 7 PI were mainly CD8+ T cells but the numbers of CD4+ T cells and B cells were not greatly reduced due to PRRSV infection. CD8+ T cells are precursors of cytotoxic T cells, which are efficient immune effectors, with an important role in the elimination of virus-infected cells (Albina et al., 1998) . In our case, the restoration of CD8+ T cells between d 7 and 14 PI may have contributed to the decline in viremia that occurred at the same time. In addition, our results suggest that cell responses to PRRSV infection also involve CD4+ T cells that play an important role in enhancing the adaptive immune system by activating other immune cells (Shimizu et al., 1996) .
Feeding PE increased the proliferation of B cells and CD8+ T cells of challenged pigs on d 14 PI, suggesting PE may enhance the immune responses to this infection. However, whether the proliferation of these B cells and CD8+ T cells correspond to the generation of high number of PRRSV-specific B cells or cytotoxic T cells or result from a nonspecific polyclonal activation remains to be elucidated.
In the present experiment, PRRSV infection resulted in a viral load in the serum of infected pigs at d 7 PI, and the viral load decreased with time. Previous reports Proinflammatory cytokines, such as TNF-α and IL-1β, primarily produced by monocytes or macrophages, are expressed rapidly following infection (Van Reeth et al., 2002; Thacker, 2006) . Many of these cytokines are important in the development of inflammation within the respiratory tract. The TNF-α and IL-1β response to PRRSV in the present study was pronounced at d 7 and d 14 PI, suggesting that these cytokines were involved in the early immune response. Choi et al. (2001) and Che et al. (2011 Che et al. ( , 2012 ) also found increased TNF-α mRNA expression in the macrophages and lung and increased serum TNF-α and IL-1β concentration during PRRSV infection. The increased TNF-α and IL-1β in PRRSV infection may contribute to the macroscopic lung lesions and fever of pigs in the challenged group because of the recruitment of more immune cells to the site of infection (Che et al., 2011) . The supplementation of PE in the diets reduced serum TNF-α and IL-1β production of infected pigs on d 7 PI, suggesting PE may protect against continuing inflammation. This result is also consistent with an in vitro experiment from Liu et al. (2012) , which found PE suppressed TNF-α and IL-1β secretion from lipopolysaccharide-treated porcine alveolar macrophages. Therefore, both in vitro and in vivo experiments indicate antiinflammatory effects of these PE. 2 Sham = unchallenged; PRRSV = porcine reproductive and respiratory syndrome virus (PRRSV) challenged; CON = nursery basal diet; CAP = control diet plus 10 mg capsicum oleoresin/kg; GAR = control diet plus 10 mg garlic botanical/kg; TUR = control diet plus 10 mg turmeric oleoresin/kg.
3 PRRSV = PRRSV challenge effect; DIET = diet effect; E × D = interaction between PRRSV and diet effects. 4 Contrast between CON and the 3 plant extract (PE) treatments within the sham or PRRSV challenge group.
5 RBC = red blood cells; HGB = hemoglobin; HCT = hematocrit; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; RDW = red cell distribution width.
6 fL = femtolitre (10 -15 L).
at Acquisitions Dept on December 17, 2013 www.journalofanimalscience.org Downloaded from Generally, the antiinflammatory cytokine IL-10 is a potent immunosuppressive cytokine, which can inhibit the activation of immune cells and the consequent production of proinflammatory cytokines such as TNF-α. The result is suppression of the inflammatory response (Moore et al., 2001) . In the present experiment, PRRSV infection enhanced the production of IL-10, in agreement with previous studies (Genini et al., 2008; Che et al., 2011) . Suradhat et al. (2003) and Charerntantanakul and Kasinrerk (2010) suggested that the upregulation of IL-10 with PRRSV infection may contribute to the poor innate and adaptive immune responses, because the increased IL-10 at an early stage of PRRSV infection may enhance virus survival within the host and delay the development of protective immunity. Therefore, IL-10 is crucial in regulating a balance between pathology and protection. However, in this experiment, the serum IL-10 production of infected pigs was not very high compared with other studies (Labarque et al., 2003; Che et al., 2011) and did not prevent a rise in serum TNF-α caused by PRRSV. These results suggest that IL-10 did not sharply suppress inflammation and may not contribute to the poor immune responses at the early stage of PRRSV infection. The supplementation of PE enhanced IL-10 production by PRRSV-infected pigs at d 7 PI, which, together with the reduced TNF-α and IL-1β, indicates that PE might alleviate the ongoing inflammation.
The production of TNF-α, IL-1β, and IL-6 triggers the synthesis of acute phase proteins, such as CRP and 2 Sham = unchallenged; PRRSV = PRRSV challenged; CON = nursery basal diet; CAP = control diet plus 10 mg capsicum oleoresin/kg; GAR = control diet plus 10 mg garlic botanical/kg; TUR = control diet plus 10 mg turmeric oleoresin/kg.
3 PRRSV = PRRSV challenge effect; DIET = diet effect; E × D = interaction between PRRSV and diet effects. 4 Contrast between CON and the 3 plant extract (PE) treatments within the sham or PRRSV challenge group. Hp, by hepatocytes (Cohen, 2002; Gómez-Laguna et al., 2010) . The PRRSV infection increased CRP and Hp serum concentrations in pigs at d 7 and 14 PI in this experiment. The more dramatic response of Hp than CRP to PRRSV infection is consistent with the result of Gómez-Laguna et al. (2010) , who failed to find a difference in serum CRP concentrations between control and PRRSV-infected pigs. Earlier studies also showed increased levels of serum Hp in PRRSV-infected pigs from d 5 to 21 PI, indicating its important role in mediating immune responses during PRRSV infection (Díaz et al., 2005; Gnanandarajah et al., 2008) . Acute phase proteins are mainly secreted by IL-6-mediated hepatocytes; however, TNF-α has been shown to increase CRP production directly or indirectly through the induction of or in synergy with IL-6 (Tilg et al., 1997; Petersen et al., 2004) . Therefore, the reduced CRP production caused by feeding PE to PRRSV-infected pigs at d 14 PI may be partially explained by the reduced TNF-α. Acute phase proteins induce a proinflammatory reaction and fever, but overproduction can lead to an antiinflammatory response (Petersen et al., 2004) . Feeding PE enhanced the serum Hp production of PRRSV-infected pigs, which may indicate the antiinflammatory effect of Hp and its crucial role in enhancement of acquired immunity and suppression of inflammatory responses.
In the present experiment, PRRSV infection significantly reduced growth rate and feed efficiency, which has also been shown in some other studies (Toepfer-Berg et al., 2004; Doeschl-Wilson et al., 2009; Che et al., 2011) . The proposed mechanisms of this reduction in performance include reduction of appetite, competition for nutrients between the immune system and growth (Doeschl-Wilson et al., 2009) , and direct effects of high concentrations of inflammatory mediators on metabolic systems (ToepferBerg et al., 2004; Gómez-Laguna et al., 2010; Che et al., 2011) . Feeding PE improved the feed efficiency of pigs infected with PRRSV, which may be at least partially explained by the modulated immune responses, in particular reduction of TNF-α, CRP, and viral load.
The 3 PE tested here showed different effects on growth performance and immune responses of pigs. Feeding capsicum oleoresin and garlic botanical had more effects on the appearance of pyrexia of infected pigs than feeding turmeric oleoresin whereas pigs feeding turmeric oleoresin had relatively lower viral load and higher feeding efficiency than that fed the other 2. Although all 3 PE modulated the immune responses of PRRSV-infected pigs, the supplementation of garlic bo- 2 Sham = unchallenged; PRRSV = PRRSV challenged; CON = nursery basal diet; CAP = control diet plus 10 mg capsicum oleoresin/kg; GAR = control diet plus 10 mg garlic botanical/kg; TUR = control diet plus 10 mg turmeric oleoresin/kg.
5 TNF-α = tumor necrosis factor-alpha; CRP = C-reactive protein; Hp = haptoglobin.
at Acquisitions Dept on December 17, 2013 www.journalofanimalscience.org Downloaded from tanical affected the adaptive immunity of infected pigs as indicated by the greater number of B cells and CD8+ T cells more than the other 2. The reasons for these difference remains to be elucidated.
In conclusion, the present results suggest that PE enhance the immune responses and growth efficiency of weaned pigs infected with PRRSV in vivo. The decreases in proinflammatory cytokines and CRP combine with our previous in vitro data to indicate that PE may help alleviate inflammation and its negative consequences. The increased B cells, CD8+ T cells, antibody titers, antiinflammatory cytokine, and Hp and the reduction in viral load also suggest that PE may enhance the immune responses of host and thereby suppress ongoing inflammation and prevent secondary infections. The 3 PE tested here showed different effects on grow efficiency and immune responses. Further studies are needed to investigate the mechanisms behind these potential immunomodulatory effects of PE and the different effects of these PE.
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